
www.ijcrt.org                                                           © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5012 International Journal of Creative Research Thoughts (IJCRT)www.ijcrt.org j180 
 

SAF: MICROIRRIGATION AND 

FERTIGATION FOR PRECISION 

AGRICULTURE 

1Shashidar G, 2Sri Rekha T, 3Subbiah Sundram Y, 4Vijayanand S 

1B.E Final Year, 2B.E Final Year, 3B.E Final Year, 4Assistant Professor 

Electronics and Communication Engineering, 

Sri Venkateswara College of Engineering, Sriperumbudur, India 

    

Abstract:  The increasing concerns regarding water scarcity and the overuse of fertilizers, leading to 

biomagnification, are particularly pronounced in arid regions with low rainfall. These challenges necessitate 

innovative solutions for efficient water management in agriculture. This paper introduces an integrated micro 

irrigation and fertigation system designed to automate and optimize irrigation and fertigation processes in 

water-scarce environments, providing precision tailored to specific plant needs. The Micro Irrigation and 

Fertigation system represents a pioneering solution that meticulously tailors water distribution to the specific 

needs of each plant. The seamlessly integrated fertigation system ensures optimal dispersion of Nitrogen, 

Phosphorus, and Potassium (NPK) over the field at regular intervals, fostering maximum crop growth and 

health at different stages of plant development. This holistic approach, combining micro irrigation with 

targeted fertigation, enhances water efficiency and facilitates precise nutrient delivery, promoting overall 

sustainability. The system features a user-friendly interface (UI) and a robust backend infrastructure, ensuring 

efficient data management for irrigation and fertigation in agricultural fields. The notable automation reduces 

the need for manual intervention, maximizing agricultural productivity and reflecting a strong commitment to 

environmental sustainability. This micro irrigation and fertigation system mitigates challenges related to 

unequal water distribution among field crops and excessive fertilizer application through a comprehensive 

approach that integrates advanced technology, data analytics, and efficient hardware. 

 

I. INTRODUCTION  

  

The agriculture industry faces numerous challenges in ensuring efficient and sustainable crop production, 

particularly in the context of fluctuating environmental conditions and resource constraints. The 

SmartAgroFlow project emerges as a transformative solution, leveraging advanced automation and IoT 

technology to revolutionize farming practices. As agricultural landscapes contend with water scarcity and 

nutrient imbalances, traditional methods struggle to optimize resource allocation and crop management. This 

project aims to address these challenges by seamlessly integrating cutting-edge technologies, empowering 

farmers with precise control over irrigation and fertigation processes. By deploying embedded systems 

equipped with sensors and actuators, the project enables real-time monitoring and management of essential 

factors such as soil moisture levels, temperature, and nutrient content. Similar to medical assistant robots 

aiding healthcare professionals, the SmartAgroFlow project introduces agricultural assistant systems designed 

to augment the capabilities of farmers. These mobile systems are equipped with an array of sensors that enable 

the collection and analysis of crucial data related to crop health and environmental conditions. By harnessing 

the power of IoT technology, these assistant systems provide farmers with actionable insights and decision 

support, facilitating more informed and efficient agricultural practices. Moreover, by automating repetitive 
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tasks and optimizing resource usage, these systems help alleviate the burden on farmers, allowing them to 

focus on strategic planning and innovation in crop management. The backbone of the SmartAgroFlow project 

lies in its utilization of advanced IoT technologies to monitor and manage essential parameters for crop 

growth. Through the deployment of IoT-enabled sensors and devices, real-time data on soil moisture, 

temperature, humidity, and other vital indicators are collected and transmitted to a central database. This data 

is then analysed to generate actionable insights and recommendations for optimizing irrigation and fertigation 

schedules. 

  

II. SYSTEM ARCHITECTURE  

Our system comprises the following components:   

Software Requirements: 

A. PostgreSQL: Integrating PostgreSQL provides a robust and reliable database management system 

capable of storing diverse data, including sensor readings, environmental parameters, irrigation 

schedules, and crop information. Its support for complex queries and indexing makes PostgreSQL well-

suited for managing these varied data requirements. 

B. Flutter: Flutter is a valuable tool for developing user interfaces (UI), enabling the creation of intuitive 

and visually appealing interfaces for monitoring and control. These interfaces display real-time data from 

sensors and environmental conditions, and allow users to input commands or adjust settings. Flutter's 

cross-platform nature ensures compatibility across various devices, including Android and iOS. Its rich 

set of customizable widgets and layout options facilitate the design of responsive and user-friendly 

interfaces.  

C. Python: Python's versatility encompasses efficient data storage and communication through PostgreSQL 

and MQTT protocols, making it ideal for complex projects. PostgreSQL is a reliable, extensible, open-

source relational database management system, and Python's psycopg2 library facilitates seamless 

interaction with it. Additionally, Python supports MQTT, a lightweight messaging protocol for IoT 

applications, via the MQTT library, enabling real-time communication in distributed systems.  

D. Arduino IDE: The Arduino IDE (Integrated Development Environment) is widely used due to its support 

for all platforms and its simplicity. It includes a code editor, compiler, and uploader tool, enabling easy 

writing, compiling, and uploading of code to Arduino boards. The IDE supports a diverse range of boards 

and integrates with IoT platforms like Node MCU, facilitating the development of connected devices. Its 

built-in libraries simplify common tasks, and its compatibility with Windows, macOS, and Linux ensures 

seamless operation across different operating systems.  

 

Hardware Requirements: 

 

A. Arduino: The Arduino Uno R4 WiFi is a compelling choice for micro irrigation systems, equipped with 

an ATmega328P microcontroller operating at 5V, and a recommended input voltage of 7-12V. It features 

14 digital I/O pins, 6 analog input pins, and supports a 16 MHz clock speed with 32 KB flash memory, 

2 KB SRAM, and 1 KB EEPROM. The integrated ESP8266 WiFi module enables 802.11 b/g/n 

connectivity at 2.4 GHz, allowing for remote monitoring and control. Data logging from sensors, such 

as soil moisture sensors, enhances irrigation efficiency. The Uno R4 WiFi is highly customizable and 

cost-effective. 

B. SSR: Solid State Relays (SSRs) utilize semiconductor switching elements, allowing rapid on/off 

switching and precise control based on real-time sensor data. This rapid switching reduces wear and tear, 

extending the lifespan of the system. Additionally, SSRs produce less electromagnetic interference 

(EMI) and have no moving parts, making them ideal for harsh agricultural environments. Overall, SSRs 

improve system reliability, efficiency, and control, leading to better crop yields and resource 

conservation. 

C. Electromagnetic Relay: Electromagnetic relays are widely used for their reliable switching capabilities 

and compatibility with various voltages and currents. These relays utilize an electromagnet to 

mechanically operate the switch, effectively handling high currents and voltages. In the system, they 

control the flow of water, nutrients, and other resources to crops. Their durability and ability to withstand 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5012 International Journal of Creative Research Thoughts (IJCRT)www.ijcrt.org j182 
 

harsh environmental conditions make them suitable for agricultural settings. Operating reliably in 

diverse temperatures and humidity levels, electromagnetic relays offer a simple and cost-effective 

solution for managing irrigation and fertigation processes efficiently. 

D. Capacitive Soil Moisture Sensor - Capacitive soil moisture sensors are highly favoured for their high 

accuracy, enabling precise control of irrigation timing and volume, thus optimizing water usage and 

improving crop yield. Their low power consumption makes them ideal for battery-powered systems, 

enhancing efficiency and reducing maintenance. These sensors are durable and corrosion-resistant, 

ensuring long-term reliability in outdoor environments. With digital outputs, they integrate seamlessly 

with microcontrollers or IoT devices for automated irrigation control.  

E. DHT22 Sensor - The DHT22 sensor is highly valued for its accuracy and reliability. It measures 

temperature from -40°C to 80°C with ±0.5°C accuracy and humidity from 0% to 100% with ±2-5% 

accuracy, operating at 3.3V to 6V with low power consumption. By providing real-time temperature and 

humidity data, it helps optimize water and nutrient delivery, preventing issues such as water stress and 

nutrient leaching. Its high accuracy, low power consumption, and easy integration with microcontrollers 

enhance the efficiency and effectiveness of the systems. 

F. YSF 201 Sensor - The YSF-201 Water Flow Sensor is essential as it offers precise flow rate 

measurements with its robust plastic body and internal rotor. It supports flow rates from 1 to 30 liters 

per minute, with an accuracy margin of less than 5%. Providing real-time flow data, it enables precise 

control of water and fertilizer delivery, optimizing crop growth and conserving resources. Easy to install 

and maintain, the durable YSF-201 ensures reliable performance in harsh agricultural environments, 

enhancing the efficiency and sustainability of irrigation practices. 

G. Node MCU - The ESP8266 Node MCU is a highly advantageous microcontroller, featuring a Tensilica 

Xtensa LX106 operating at 3.3V with 13 digital I/O pins and 1 analog input pin. It offers an 80 MHz 

clock speed, overclockable to 160 MHz, with 4 MB flash memory and 64 KB SRAM, ensuring efficient 

performance and ample storage. Built-in WiFi (802.11 b/g/n) supports various modes for seamless 

internet connectivity and remote control. Cost-effective and easily programmable via the Arduino IDE, 

the Node MCU's compact size and expandability make it ideal for versatile, customizable solutions. 

H. GPS Module - The NEO-6M GPS module is essential for boundary detection, providing precise location 

information for efficient water resource management in agriculture. It communicates with satellites to 

determine the equipment's exact position on Earth with high accuracy. When coupled with mapping 

software, it enables real-time display of the equipment's location and facilitates the creation of field maps 

with boundary demarcations. 

 

III. IMPLEMENTATION    

The SmartAgroFlow system revolutionizes agricultural management by streamlining data collection, 

processing, and user interaction. Field sensors, strategically placed throughout the agricultural area, 

continuously measure critical environmental parameters such as temperature, humidity, and soil moisture. 

These sensors transmit their data to a central communication hub using a standard messaging protocol, 

ensuring reliable and efficient data transfer. Python scripts, acting as sophisticated intermediaries, manage the 

flow of this information between the communication hub and the database. Upon receiving sensor data, these 

scripts process and analyse the information before updating the database with real-time environmental 

conditions. This seamless integration ensures the database is always up-to-date, enabling precise monitoring 

and timely decision-making to optimize crop management. 

 

 

In addition to managing sensor data, Python scripts also create endpoints for an intuitive user interface (UI). 

Through these endpoints, users can effortlessly interact with the system, accessing historical sensor readings, 

adjusting irrigation schedules, and monitoring crop health indicators. This user-friendly interface empowers 

farmers to make informed decisions based on accurate and current data. Python's flexibility and compatibility 

make it an ideal choice for developing these interfaces, ensuring smooth and efficient communication within 

the SmartAgroFlow system. Overall, Python plays a pivotal role in integrating various components, enhancing 

precision agriculture, and significantly improving crop management practices, making it an indispensable tool 

for modern farming. 
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Fig. 1 

 

 
Fig. 2 

IV. APPLICATIONS  

 

● Precision Irrigation Management: Precision irrigation optimizes water usage by using soil moisture 

sensors and weather data to schedule watering, ensuring crops receive the right amount of water. Zone-

based irrigation allows for targeted watering based on crop needs and soil conditions. 

● Automated Fertigation Systems: Automated fertigation combines irrigation and fertilization, 

delivering nutrients directly to plants root zones. Continuous monitoring of soil nutrients allows for 

precise adjustments to fertigation schedules, minimizing waste and improving crop health. 

● Field Crop Management: Field crop management streamlines cultivation practices through automated 

irrigation and adaptive crop management techniques. This improves productivity, soil health, and 

sustainability across large-scale agricultural operations. 

● Resource Efficiency: Resource efficiency minimizes inputs like water, fertilizer, and energy while 

maximizing crop yield and quality. Water-saving techniques, precision fertilization, and energy-

efficient practices reduce costs and environmental impact. 
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● Cost Reduction: Cost reduction strategies minimize expenses through automation and precision 

agriculture techniques. This improves profitability while maintaining or increasing productivity levels 

on farms. 

● Data-Driven Agriculture: Data-driven agriculture utilizes real-time monitoring and predictive 

analytics to optimize farm management practices. By analyzing soil, weather, and crop data, farmers 

can make informed decisions to improve productivity and sustainability. 

   

  

V. CONCLUSION AND FUTURE SCOPE  

  

In the realm of agriculture, Smart Agro stands out as an innovative and sustainable solution, combining IoT 

technology with precision farming principles to address longstanding challenges like water scarcity and 

nutrient management. Through real-time monitoring and intelligent algorithms, Smart Agro empowers 

farmers to maximize crop yield while minimizing resource usage. Despite potential challenges such as data 

security and scalability, Smart Agro is poised to revolutionize farming practices and usher in a new era of 

agricultural abundance. Its integration of IoT technology allows for remote monitoring and control, enabling 

farmers to manage their irrigation systems and nutrient delivery from anywhere. This enhanced control 

improves efficiency and productivity, leading to better crop yields and profitability. Additionally, Smart 

Agro's ability to adapt to changing environmental conditions ensures that crops receive the optimal amount of 

water and nutrients. 

In the future, enhanced sensor technology for monitoring soil moisture, temperature, and humidity promises 

more precise data for irrigation and fertigation management. Integration with edge computing will enable 

quicker decision-making and real-time control, particularly in remote agricultural areas. Exploring energy 

harvesting methods like solar or kinetic energy could further improve sustainability and reduce operational 

costs. Collaboration with agricultural research institutions may lead to innovations in soil conservation 

techniques and precision farming methods, driving the project's evolution towards resource efficiency and 
sustainable agricultural practices. 
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